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CHAPTER I 
INTRODUCTION AND STATEMENT OF THE PROBLEM 
For many years now investigators have been aware of. the 
presence of proprioceptive end organs in the periodontal liga-
ment of human teeth. Much of the effort in the study of these 
receptors has been performed on mammalian laboratory animals 
by stimulating the teeth and monitoring the·sensory output 
response somewhere along the neural pathways. 
Just a few clinical studies have been reported dealing 
with a subject's ability to discriminate between various sen-
sory stimuli applied to the teeth. In the practice of ortho-
dontics, forces are applied to the teeth of patients to improve 
the form of the dental arch. One recent study has been reportec 
on the ,ability of orthodontic patients to quantitatively discrirr 
inate sensory stimuli applied to teeth just prior to and very 
shortly after initiation of orthodontic treatment procedures. 
The purpose of this investigation is to do a comparative 
study on the ability of subjects to distinguish differences in 
forces applied to the maxillary central incisor, before and 
during prolonged orthodontic treatment. This study '\..rill also 
apply its findings to the Weber-Fechner Law in an effort to 
test its validity. 
1 
CHAPTER II 
REVIEW OF THE LITERATURE 
1. Evolution of Weber's Law and Fechner's Law: 
Two centuries ago, Bouguer (1790, as cited by Barlow) 
recorded measurements dealing with his ability to discern 
differences in light intensity. He tested this ability, by 
: casting shadows of one candle, upon a screen whi~h was simul-
taneously illuminated by another candle. His measurements 
revealed that the ratio di/I (di = least detectible increment 
·of intensity/absolute intensity) remained more nearly constant 
than did the absolute values of I. He reported that he had 
not observed a change in the ratio (1/64), when the brightness 
of the candles was varied. 
Misiak and Sexton {1966) point out a particularly valuable 
study performed by Weber (1850) dealing with the perception of 
small differences between weights, and length of lines, and 
the pitch of tones. Weber found that in order for a subject 
to notice a change in the stimulus, the just noticeable differ-
ence, this change must constitute a certain proportion of the 
stimulus, a constant. He found this ratio to be 1/30 for 
weight, 1/50 -- 1/100 for lines,. and 1/160 for tones. These 
findings led him to state a general princ.iple. This principle 
is that: 
2 
"in comparing objects and observing the 
distinction between. them, we perceive 
not the difference between objects, but 
the ratio of this difference to the mag-
nitude of the objects compared." 
3 
Weber's proposals then led Fechner to the first under-
standing of the relation between the psychological world and 
the physical (Hecht, 1924). Using the available astronomical 
data, Fechner investigated the relation between the magnitudes 
of the stars and their photometric intensity. Weber's princi-
ple was then called by Fechner 11 a law", and since has become 
known as Weber's Law. It was expressed mathematically in the 
formula dl/I=C, in which I is the stimulus, di is the change 
in int~nsity of the stim~lus (J.N.D., the just noticeable 
difference), and Cis the constant. 
Fechner's subsequent experiments provided him with a basis 
for what has come to be knmvn as "Fechner's Law". This law 
stated that the magnitude of a sensation is proportional to the 
logarithm of the stimulus intensity. It was expressed by the 
formula S=C log I in which S is the sensation, C a constant 
fractional relation between two ~ntensities which produce a 
threshold difference in stimuli, and I the stimulus. Fechner 
thus assumed that the difference in threshold represented a 
unit change in sensation, or dS. 
-Best and Taylor (1955) point out that if the logarithms 
of the intensities of a series of stimuli are plotted 
(abscissae) against the least perceptible differences in 
sensation (ordinates), a straight line should result. They 
restate the Weber-Fechner Law in another way: 
11 that in order to cause a series of equal 
increments in sensation the strength of the 
stimulus must increase in geometrical pro-
portion." 
4 
Fechner in 1860 founded the study of psychophysics (Misiak 
and Sexton 1966). To Fechner it was a philosophical system 
concerned with functional relationships between body and mind. 
Its chief object in phychological research has been to find 
what the minimu.rn intensity of a stimulus must be to be per-
ceived by a subject (absolute threshold), and what the minimum 
difference between two stimuli must be in order for the subject 
to recognize the difference (differential threshold). 
Boring (1950) cites that the relation of mind and body 
was not viewed by Fechner as a psychophysical parallelism but 
by what has been termed identity hypothesis. The fact that an 
equation in terms of \-'Ieber's Law which related the body and 
the mind could be written, demonstrated to Fechner their 
identity and their fundamental psychic character. 
5 
Urban (1933) found it difficult to obtain a true under-
standing of Fechner's proposition, since his equation connects 
different dimensions, putting a sensation equal to a physical 
quantity. He felt that the quality could not be produced by a 
constant since he could not conceive of any constant producing 
equality between physical and psychical entities. 
2. Perception and Sensation: 
James (1890) felt that Weber's Law was an empirical gen-
eralization and probably purely physiological in nature. He 
believed that fluctuations in our inner sensibility made it 
!impossible to tell just what the least discernable increment 
of sensation is without computing the average of a large num-
ber of measurements. 
Holway et. al. (1937.) working with the "method of constant 
stimuli", demonstrated that measurements of intensive discrim-
,ination revealed clearly that variation in the organism's 
discriminatory performance does occur. He felt that significant 
·properties of the organism tested could be established due to 
the organism's capacity to vary performance. 
Crozier et. al. (1936) maintained that the variation of 
the magnitude of sensation to a stimulus is not due to "ex-
traneous experimental error" _but to the organism's ability to 
vary its capacity to exhibit reactions. 
Pieron (1952) pointed out that Weber's Law assumes a 
dis~riminative capacity of the receptor organ requi~ing a 
difference threshold of a certain value before it is noticed 
and thereby representing a sensation step. He reasoned that 
6 
if the discriminative capacity of the organ was increased, a 
corresponding decrease of the sensation step would occur with-
out the fundamental relation being modified. 
Parsons (1927) states that the apparent intensity of a 
stimulus is altered by the attention of the subject, so that 
the effective stimulus may appear greater or lesser; it is 
1 greatest and usually follows Weber's Law when the recipient• s 
' 
total attention is held and diminishes when his attention is 
diverted. The author further states that the Weber-Fechner 
Law generally has been found to fit experimental measurements 
for all sensations but is insecure because there are no defined 
, mathematical units of sensation. 
Adrian (1928) found that provided there is nothing to dis-
tract our attention, the intensity of the sensation is propor-
tional to the frequency of the impulses along the sensory nerve 
fiber. He reasons then that the metal correlate must be a very 
close copy of the physical events in the sensory nerves. 
Fernberger (1913) working with brass cylinders as the 
lifted weights, showed that practice or training of the sense 
organ did not effect the measured sensitivity of the sense 
organ. He used the method of constant stimuli first and 
then the method of just perce_ptible differences and concluded 
that the difference threshold is constantly large~ in the 
direction of decrease of stimuli and in the direction of in-
crease, they are constantly smaller. 
Grindley (1936) noted that in making careful measure-
ments of sensory thresholds it is usual for the experimenter 
7 
to control the rate at which the stimulus is applied, and 
·found evidence that the value of the threshold is, in some 
cases, a function of this rate. He concluded that the thres-
hold for decrease of pressure is usually greater than that for 
increase of pressure and that the threshold for decrease of 
pressure increases with increase in the time for a given 
change. 
Newman (1933) using values obtained in the fields of 
vision and audition believed that psychological magnitudes 
could not be expressed in terms of the number of just notice-
able difference steps within the limits o.f such magnitudes. 
3. Repprted Findings on the Psychophysical Law {Weber-
Fechner LaH): 
Hecht (1924) felt that the Weber ratio was constant only 
within the moderate .ranges and not throughout the extremes in 
the intensity scale, and as a continuous physiological phen-
onemon, the discrimination ratio decreases steadily as the 
8 
intensity increases. He also believed that sensory judgements 
are relative and not absolute. 
Treisman (1964) maintained that the·Weber Law holds 
approximately true for the midranges of many stimulus modalitie~ 
but for low values of 1, and sometimes for high values, the 
Weber fraction tends to increase. Fulton "(1955) wrote that 
Weber's Law applies only.over a very limited range of intensi-
ties and then only because small continuous changes of J.N.D. 
are ignored. 
Barlow (1957) working with the human eye found that Weber'~ 
Law is a reasonable approximation for results obtained with long 
large stimuli, especially at high intensities, but the upper and 
lower limits of his curves deviate from Weber's Law. Zoethout 
(1927) explained that the failure of Weber's Law in very dim 
light could be attributed to the intrinsic, or self-light of the 
'retina. 
Geldard (1953) states that the Weber fraction for a single 
:pressure-sensitive 11 spot11 appears to pass through a definite 
minimum of the middle ranges of the effective stimuli. 
Steinhardt's findings (1936) showed that dl/1 is large at low 
intensities, and diminishes rapidly as 1 is increased. The 
decrease becomes more gradual at high values of 1, and does not 
normally increase again at high intensities. 
Woodv1orth et. al. (1924) states that Weber's constant 
holds as a rough empirical generalization in the midranges 
of most senses both for intensity and for quality, and these 
midranges can be considered the working area of the senses. 
Holway et. al. (1936) felt that. the Weber ratio for 
intensity discrimination was not independent of I, but "t-7as 
instead a specific dependent and reproducible function of it 
for particular sensory madalities. Culler (1926) suggests 
Weber's Law to be an inverse function of adaptation, that is, 
under certain adaptive conditions with successive stimulus 
levels, the constant ratio appears with clearness and con-
sistence. 
Holway et. al. (1937) worked with weight discrimination 
and found that precision·of judgement varies directly with 
' 
differential sensitivity and that the magnitude of one is 
governed by the magnitude of the other. The suggestion is 
made that this relation may be an invariant property of the 
!. human organism. 
Telford et. al. (1935) studied various audio intensity 
levels with special concern for the Weber-Fechner constant. 
Their findings were that the Weber-Fechner constant for 
audition is not in reality a constant, but is a function of 
9 
the absolute intensities of the tones compared, of the subjects 
on whom the measurements were made, of the frequency level of 
the tones, of the time duration of the tones, and of the 
10 
interval· between the tones. 
Cowdrick (1917) worked w~th the differences in· weight 
in grams of five piles of envelopes (Sanford's weight experi-
ment). He found the ratios not constant and stated therefore 
the Weber-Fechner Law co'Uld not be realized, but only could be 
approximated. He demonstrated that the continuous decrease of 
the ratio from the lighter to the heavier piles _shows that the 
actual curve is less eccentric than the logarithmic curve of 
the Heber-Fechner formula. 
'lhurstone (1929) tested the validity of Fechner's Law for 
certain stimuli by the method of equal appearing stimuli. He 
found that Fechner's La'tV' could be verified well, but Weber's 
Law rather poorly. He suggests the view that there exists no 
connection between these"two laws, and should there· be one, it 
must be very loose. 
Hetrrilioltz (1929) regarded Fechner's Law as being a first 
approximation to the truth. He felt that the intensity of the 
sensation for different kinds of light is a different function 
of the intensity of the light. 
Hartline et. al. (1932) studied the nerve impulses from 
single receptors in the eye. They found that the linear rela-
tion between the response and the logarithm of the stimulating 
intensity was true but only over a moderate range of intensi-
ties. They also found that the behavior of the single photo-
receptor unit is analogous to that of other receptor organs, 
particularly those of tension. and pressure. 
Waller (1895) worked with the responses of the frog 
retina, muscle and nerve tissue ·to electrical stimulation~ 
Waller supported the belief that the excitatory processes of 
these tissues were controlled by Fechner's Law, because he 
found that only in the middle ranges of the sen$ation scales 
did the logarithm of the stimulation intensities increase as 
11 
did the electrical responses of the tissues studied. He rea-
soned this must be so in ordinary life because if the maximum 
increments of sensation equaled the increments of stimulation 
way down the scale near threshold, we would be in an intoler-
able state of hyperaesthesia due to the minute stimuli which 
surround us. 
Guilford (1932) proposed a general psychophysical nth 
n power law which was v~itten dS = Ks and which read as: 
11 the just noticeable increment in a stimulus 
is equal to a constant times the nth power of 
the stimulus." 
In Weber's Law, n would be 1, whereas in the square root 
law, n would be 1/2. 
In 1957, Stevens proposed the principle that equal 
stimulus ratios tend to produce equal sensation ratios. 
Working with numerous perceptual continua, he showed how 
12 
direct assessments-of subjective magnitude were related to 
the stimulus by a power function of one degree or another. 
"Just noticeable differences" give a sensory scale which is a 
logarithmic function of the stimulus scale. When both scales 
are compared the just noticeable differences are not equal, 
and Stevens believes that this invalidates Fechner's assu~ption 
Woodworth (1914) suggested a generalized psychophysical 
law based on the assu~ption that in psychophysics errors of 
observation are measured, and when observing larger magnitudes, 
the errors of observation summate according to the laws of 
chance. He suggests that a compromise between the two scales 
is theoretically sound and 'that many data do fall between the 
values predicted by the two scales • 
. 
Treisman (1961) maintained that only when the neurological 
processes drawn upon by different tasks are similar can one 
· expect the psychophysical functions to be similar. He believes 
that both scales are valid but argues that a model in which a 
central neural response determining process is described by 
the log function is simpler and more useful than one using the 
power function. 
Cattell et. al. (1931) stimulated receptors in the skin 
·of the frog by means of an intermittent air blast and observed 
the action potentials in single sensory nerve fibers. They 
found that if the inte~~ittent stimulation was long in relation 
'· 
f 
to the rest p~riods, then adaptation occurred very soon; if 
these factors were reversed, then the receptors continued to 
follow a high stimulation rate for a long period of time. 
Matthews (1931) worked with muscle proprioceptors and 
was especially concerned with the phenomena of adaptation. 
He found that when the frequency at any instant in the first 
two seconds after loading is plotted against the_ logarithm of 
the load, the points lie very nearly on a straight line. He 
suggests that this is due in part, at least, to properties of 
the end organs rather than to the central interpretation of 
the sensory message by the brain. 
van Leeu~ven (1949) worked with a frog's muscle spindle 
and his results showed that Weber's Law holds as a property 
. 
of a s~ngle stretch receptor. He did add that single obser-
vations showed much random fluctuation so that Weber's Law is 
only clear when a large number of results are taken into con-
sideration. 
Gamble (1898),using the method of just noticeable 
differences, shows some evidence that Weber's Law applies to 
smell and that the value of di/I lies between one-third and 
one-fourth. He also found that _the values of di/I run higher 
for liquids than for solids. 
Kawamura et. al. (1960) used wires of various sizes in 
diameter and detennined discriminative thresholds by placing 
13 
the wires between the teeth in persons with natural and arti-
ficial dentures. 
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They found that the Weber ratio for subjects with natural 
dentition was 0.1 or greater and that the periodontal ligament 
was necessary for the subjects to be able to accurately judge 
the size of the wires. 
Grossman et. al. (1965) found that various sites in the 
oral cavity varied in tactile sensitivity and this was a direct 
.reflection of the regional distribution of the nerve supply. 
He found the upper lip to be most sensitive; the tongue and 
1 lower lip more sensitive than the incisive papilla. The 
finger and the palm were le.ss sensitive to tactile stimuli 
than all oral sites studied. 
Manly et. al. (1952)· studied the ability of individuals 
with natural and artificial dentitions to distinguish thickness 
:of disks, hardness of objects, pressure of fibers, and changes 
in food texture. They found the sensitivity of anterior teeth 
to be·about ten times as great as that of the posterior teeth 
with a mean threshold for the incisal edge of anterior teeth 
set about 1 gram. Forces directed against the labial surfaces 
of anterior teeth showed an average threshold of about .05 to 
.06 grams. 
Wilkie (1964) worked on the possible relationship between 
pressor thresholds and degree of leading from mastication of 
1.5 
investing soft tissue. He used a spring aesthesiometer and 
found that the mean axial threshold for upper and lower central 
incisors was 0.52/0.44 gram. He believed that he found evi-
dence of a direct relationship between axial and radial 
thresholds. 
Nakfoor (1967) working with the proprioceptive discrimina-
tory ability of the periodontal ligament of human central inci-
sors found that the Weber ratio for the periodontal ligament of 
children was found to range between 10 and 15 per cent of the 
standard force value~ used. The optimal working range was 
found to be between 50 and 500 grams. 
He demonstrated that the power equation as proposed by 
Stevens, was better suited for the data in his study than the 
Fechner logarithmic expression. Nakfoor felt that his results 
X could be best expressed by the general formula dS = K1 • His 
· study included measurements taken along the long axis of the 
teeth and at 90° to the labial surface of the teeth. He 
·determined the values for K as ;.24 for the 90° axis and .23 
for the long axis, while the exponent x was determined as 
.865 for the 90° axis and .861 for the long axis. 
4. Innervation and Function of the Periodontal Ligament: 
Most studies agree.that the neural innervation of the 
periodontal ligament is derived from the apical region and 
the alveolar bone proper adjacent to the root surface. How-
ever, the descriptions of the neural endings in the human 
16 
periodontal ligament differ. 
In 1857, Peaslee stated that the sensibility of teeth 
originated from the nerves in their· pulp~ He recognized that 
teeth have a sense of locality. In 1921 Noyes thought the 
· sensory nerves in the periodontal ligament terminated in 
beaded free endings. He also believed that the sense of touch 
was the only sensory function of the ligament. Black (1924) 
wrote that the sense of touch of the tooth resides in the perio-
dontal ligament and this sense is not disturbed if the gingival 
and apical end of the liga~ent is cut away. 
Lewinsky and Stewart (1936, 1937) described the nerve 
fibers to the periodontal ligament originating from the apical 
region of the tooth and coarsing towards the gingiva accompanied 
by blood vessels in longitudinal bundles. They described thick 
and thin fibers and suggesteq that the thick fibers with their 
:specialized end organs .are associated with tactile and pressure 
sensations. They reported that two types of nerve endings were 
.·found. One type ended in very fine arborizations; the second 
type terminated in a knob-like swelling. 
van Der Sprenkel (1936) described the myelinated nerve 
fibers as having three different kinds of endings: 1) Small 
end rings found close to the bony reticulum; 2) Terminal reti-
cula surrounding the nuclei of connective tissue of the perio-
dontal ligament; and 3) Axons which lose their myelin sheath 
. and. appear more in the central portions of the periodontal 
17 
ligament. He suggested that the function of the end rings was 
the perception of pressure. 
Bradlaw (1935-36) found that periodontal nerves at times 
enter the interdental septum and travel through it in varying 
distances before entering the periodontal ligament. He found 
neural endings which he said appear to be tenninal coils. 
In 1957, Rapp et. al. reported finding highly organized, 
encapsulated neural terminations which were seen throughout 
the periodontal ligament. These structures were described as 
ovoid in shape and consisting of interweaving fine neurofibrils. 
Bernick (1959) stated that there are two types of nerve 
endings in the periodontal ligament. The non-medullated fibers 
formed arborizations and from these arose free nerve endings •. 
The medullated fibers lost their myelin sheath and the naked 
fibrils terminated into elongated spindle like structures. 
Brashear (1936) points out that the selective nature of 
.the distribution of sensations of the teeth is demonstrated by 
the fact that large nerve fibers cannot be found in the pulp 
but rather in the surrounding periodontal tissues. 
Corbin and Harrison in 1940 showed physiologic evidence 
that the p~oprioceptive impulses _of the teeth were mediated 
through the caudal half of the mesencephalic root. They found 
the cat canine to be the most responsive of the oral structures. 
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The demonstration by Pfaffman in 1939 showed that force 
against a tooth only in one direction stimulates sin.gle fiber 
preparations. However, when a full nerve trunk was placed on 
an electrode, pressures applied against any surface of the 
· tooth elicited a response. This suggested that since tactile· 
endings lie in the periodontal ligament, only one type of de-
: formation of the receptor organ is effective •. 
Ness (1954) studied the responses of the proprioceptive 
end organs of the rabbit mandibular incisor. He found that 
the responses were linearly related to the logarithm of the 
• magnitude of stimuli but only for forces below 100 grams. He 
also observed that these receptors exhibited directionality 
and suggested that this could be a property of the orientation 
of the.individual receptors otherwise randomly distributed in 
the periodontium. 
Lowenstein and Rathkamp (1955) used a s~ring aesthesio-
meter along the long axis of teeth and found vital teeth to 
be more sensitive than pulpless teeth. They found the average 
threshold for all teeth to be 2.523 grams. Their findings led 
them to the conclusion that there existed intradental as well 
as periodontal pressoreceptors. -
In 1962, Kruger and Michael reported that·in their study 
of decerebrate cats, they usually found it necessary to 
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examine which surface of the canine tooth would elicit a 
response to delicate tactile stimuli. TI1ey found the end 
organs innervating these teeth to be fast-adapting receptors. 
Jerge (1963) identified two types of dental pressorecep-
• tors in the cat. The Type 1 pressoreceptor responded only when 
pressure was applied to a single tooth. The Type.11 pressore-
: ceptors innervated groups of teeth, from two to six, and in 
• some cases adjacent soft tissue areas. For single tooth units, 
the maximum sensitivity thresholds ranged.from one to three 
grams and the threshold values for the Type 11 units fell 
between two and six grams. 
Cuozzo (1966) found that forces of the same magnitude 
applied to the incisal edges of teeth produced greater ampli-
tudes of action potential than like forces applied to either 
the labial or lingual surfaces. The differential sensitivity 
therefore was greater along the long axis of these teeth than 
in any other direction. 
Kizior (1966) also found that similar forces directed 
along the long axis of the cat canine evoked the highest 
potentials, indicating that the greatest number of receptors 
were probably activated at this time. He explained this on a 
structural basis stating that the ovoid encapsulated termina-
tions which were observed in the apical one-third of the 
ligament would be subject to greater distortion by incisally 
. ' 
I 
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directed forces than by forces from other directions. 
Nakfoor (1967) in a clinical study found that four days 
of light orthodontic forces on the human central incisor sig-
nificantly lowered the pain threshold and altered the proprio-
ceptive discriminatory ability of the periodontal ligament. 
Nakfoor could find no directional sensitivity of the 
teeth as noted from forces directed along the long axis and 
0 those on the labial surface, 90 from the long axis. This he 
showed by the nearly identical equations derived to express 
the Psychophysical Law within its functional limits, dS = .24 
.865 0 861 . 1 for the 90 axis and dS = .23 1 • for the long axis • 
1. Introduction: 
CHAPTER Ill 
METHODS AND MATERIALS 
Fifty subjects were employed in this study, and were the 
same subjects that Nakfoor (1967) selected for his investigation. 
These subjects were undergoing orthodontic treatment in the 
Department of Orthodontics at Loyola University, and had worn 
appliances for a period of time that ranged from five months to 
one year. Their ages ranged from twelve years to eighteen years. 
The subjects were divided into two groups. One group con-
sisted of nineteen patients whose treatment plan did not require 
the removal of teeth. The remaining group of thirty-one subject~ 
consisted of" patients that required the removal of premolar teetl 
·'in order to facillitate treatment of their malocclusions. 
All the subjects were submitted to two tests, all of.which 
were conducted upon the same teeth as used by Nakfoor. The 
patients had all been wearing activated appliances for approxi-
mately five to six months when the first set of experimental 
data was being gathered. The initial stages of treatment were 
already completed. The second measurements were taken when all 
the patients were approximately ten to twelve months in treat-
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Bent. At this time the patients were found to be in various 
~hases of treatment but no patient was wearing appliances which 
~ere delivering forces directly to the maxillary anterior teeth. 
A pilot study was conducted by the author and Dr. P. Nakfoor 
'n several patients undergoing orthodontic treatment which were 
:tot subjects in this investigation. Each investigator used the 
same technique in testing these subjects and recorded his ov."n 
neasurements. The measurements of the two investigators were 
then compared to verify the accuracy in duplicating the measure-
nents by the author. 
2. Force Producing Instrument: 
The force producing instrQment employed in this study was 
the identical one used by Nakfoor {1967) in his research. {Fig-
ure 1) This torque wrench device was originally designed and 
nanu!actured·for Cuozzo and Kizior {1966) by the P. A. Sturtevant 
Company, Elmhurst, Illinois. 
This specially designed force producing instrQ~ent was con-
structed by employing, torque, one of the principle elements of 
physics. Torque is the resistance to a turning force, and a 
torque wrench is a device used to apply and measure the resis-
tance to a turning force. The integral parts of this instrument 
are: 
{a) drive square 
{b) a flexible beam 
{c) handle 
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(d) scale 
(e) force indicator 
i 
~e perpendicular distance from the drive square to the handle 
rf the flexible beam, or the line along which the force acts, is 
lonsidered to be the lever ann. The line at which the force acts 
ts always 90° to the lever arm. ·The product of the force, F, 
applied to the handle and the lever arm, D, is the torque or the 
I 
·noment of force. Thus, the magnitude of torque can be computed 
by the mathematical expression T = F x D. 
A torque wrench is only functional when it is engaged to a 
levice which will offer resistance to a turning force. In this 
rtudy, the torque wrench was used to place forces on teeth by 
bngaging it to an assembly designed to accomplish just such a 
task. 
The· assembly consisted of a drive shaft with a ball bearing 
housing. This allowed for nearly frictionless rotation of the 
,shaft. The torque wrench was adapted to one end of the drive ~haft and to the other end was coupled a twelve inch lever arm 
~ith an adjustable pointer and balanced at the opposite end by a 
counter-weighted four inch lever arm. This lever arm had the 
1ability to rotate 360°, thus enabling the operator to determine 
the direction of force applied to the tooth by adjusting the 
;relationship of the pointer to the long axis of the tooth. By 
I 
·adjusting th~ counter-weight on the four inch lever arm, it ,,1as 
possible to set the pointer on the tooth in any desired position 
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The base of the entire apparatus was an iron plate measurin 
48 inches by 18 inches weighing approximately 300 pounds. Pro-
jecting perpendicular to and at an end of this base was a fixed 
adjustable iron post 48 inches in length. Attached to this post 
was a typical dental head rest which was used to help stabilize 
the head of the patient being tested. (Figure 2) 
Continuing parallel from the fixed post was a 48 inch 
extension arm which was braced by two right angle arms to the 
fixed post. These arms were adjustable in a horizontal directio 
permitting the extension arm to rotate about the fixed post. Th 
bottom brace was also adjustable in the vertical direction. 
Coupled perpendicular to the extension arm was a 36 inch 
chrome plated horizontal arm. The torque wrench assembly was 
securely fastened to the end of this arm. The welded couple had 
two thread s·crews; one to adjust the vertical height of the 
horizontal arm on the extension arm, and the second to adjust 
the horizontal distance of the torque wrench assembly from the 
.extension arm. The majo~ horizontal and vertical adjustments 
were accomplished by this adjustable assembly. 
The versatility of this fixture with its numerous horizontal 
and vertical adjustment areas and that of the torque wrench 
assembly, permitted the seating of any size patient into a com-
fortable and desired position. 
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FIGURE 2 
TORQUE WRENCH ASS ENBLY AND DENTAL CHAIR 
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To s.tandardize the procedure and to assure that the force 
of application was perpendicular to the torque wrench beam, all 
forces were applied by usi.ng the right thumb and index finger 
of the examiner. To insure that the force applied to the handlE 
would be at 90° to the beam, the thumb and index finger applied 
the needed force by pulling the disk or handle which was cen-
tered to concentrate all force at one point. At times, the 
thumb and forefinger of the right hand were not sufficient to 
apply the required force, as when applying 1,000 grams or more, 
so the left hand was used to assist the right wrist, thereby 
transmitting the additional force through the centered handle. 
Two different tips were used on the pointer of the twelve 
inch lever arm, depending on which direction the force was bein& 
applied. A cylindrical piece of polyethylene vinyl plastic was 
attached to· the pointer by means of a centered hole half-way 
1 through the cylinder for applying forces to the labial surfaces 
,_of teeth, For applying forces along the incisal edges of teeth, 
the same cylindrical shaped vinyl plastic_was embedded in methyl 
methacrylate resin and shaped in an oval configuration with a 
rectangular cut at the opposite end of the cylinder. Displace-
ment of the pointer from the incisal edge was prevented upon thE 
application of force. 
There \'7ere four. torque wrenches used in this study, each 
calibrated in grams and graduated in varying increments. This 
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allowed for optimal spacing of the increments on the various 
scales as well as a high deg~ee of accuracy. All torque wrench 
calibrations were certified to be true with a maximal allowable 
error that did not exceed two per cent of the full scale 
readings. The four torque wrenches were calibrated as follows: 
(1) 0-16 grams calibrated in .5 gram increments (2) 0-70 grams calibrated in 2 gram increments 
(3) 0-350 grams calibrated in 5 gram increments 
(4) 0-1500 grams calibrated in 50 gram increments 
The force values used to stimulate the teeth in this study 
ranged from 0-1300 grams and the above figures show the range 
' of forces which could be applied to a tooth with a particular 
torquing wrench. The force delivered to a tooth depended on 
the amount of deflection of the twelve inch lever arm which 
was passively resting on a surface of the tooth. Deflection 
of a torqu~ wrench initiated a force at the dirve square which 
was then transmitted to the twelve inch lever arm through the 
drive shaft. The compressive force delivered to a tooth by 
the pointer on the lever arm could be read directly on the 
calibrated scale of the torque wrench. 
The previously discussed Torque Law, T = F x D, explains 
how it was possible to obtain direct force readings. When 
solved for F, the equation reads F = T/D. It can be seen that 
the force varies indirectly with the length_ of the lever arm. 
For example then, if a 350 inch gram torque wrench was to be 
extended to its full scale range \-7ith a lever arm of tv.Telve 
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inches from the center of the drive shaft, a compressive force 
of 29.2 grams would be delivered to the tooth through the plas-
tic pointer attached to the lever arm. The twelve inch lever 
arm was used throughout this investigation. 
The tests were made in a study room located in the ortho-
dontic department. The room was approximately seven feet square 
well-lighted and air-conditioned. The testing device with its 
heavy metal base was positioned in the center of the room. On 
.the base stood a dental chair with its back towards the fixed 
vertical post of the fixture. The chair had fixed arm rests, 
with a hydraulic pump and adjustable back and head rest. While 
testing subjects, the examiner sat at the side of the dental 
chair facing the torque wrench. 
The subjects were reminded of their first testing period 
and.were informed that because of the changing position of their 
teeth, there were probably some changes in the linerves 11 around 
these teeth. It was. then explained that the examiner wan.ted to 
,investigate if any-further changes had ta~en place. They were 
assured that the procedure would be exactly the same as that 
utilized at the first testing period. The entire testing pro-
cedure was then again reviewed l-1i th the patients to make sure 
they understood the method to be used. 
With the patient seated in the dental cl1air and the torque 
wrench assembly adjusted to the selected tooth, the examiner 
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then demonstrated two forces that were easily distinguishable. 
The patient was informed of the impending force by the comment: 
11 This is the first and this is the second. Which force felt 
heavier? 11 The patient was then asked to concentrate very hard 
for it would now become slightly more difficult to identify the 
heavier force. 
The two positions in which the instrument tip was to be 
placed were also explained to the subjects before the procedure 
continued. They were shown by means of finger pressure how the 
first six sets of forces would be along the biting edge of the 
tooth (the incisal edge directed along the long axis), and how 
the second set of six forces would be against the outside of 
the tooth (the labial surface, 90° to the long axis). 
They were also asked to do their best for it would be im-
por.tant in determining the condition of their 11 nerves11 • 
It was found that the question "Which force felt heavier'l 11 
could be dropped very shortly after the testing began, for the 
·subjects anticipated the question and answered before it was 
asked. The examiner would then remind the patient occasionally 
to identify the heavier force and to concentrate very hard. 
The length of time each stimulus was to be applied to the 
tooth was considered important. Since the forces were to be 
administered by the hand of the examiner, it was necessary to 
develop a rhythm that permitted nearly equal time in applying 
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.each of these forces and the standard values and their respec-
.tive differential thresholds. It was found that the use of a 
metronome greatly assisted in obtaining just such a needed 
rhythm. The metronome was not used in the experimental proce-
1dure, but practice sessions were held to help maintain ~his 
constant rhythm in force application. 
The differential threshold, or the just noticeable differ-
!ence between like forces, was determined for each subject at 
each of the standard force values of 10, 50, 100, 200, 500 and 
1,000 grams. These force ranges were applied along the long 
axis and 90° to the labial surface of the same tooth. With 
each torque wrench, a fore~ differing by ! ten per cent from 
the standard force value was applied followed then by the 
standard force value. Th~ subject then judged which of the two 
forces was the heavier and the comparative forces were then 
:accordingly increased or decreased as was necessary to establish 
. the differential threshold. The validity of the resolved diffei 
ential threshold was established by the subject's ability to 
correctly identify the heavier force at least seven out of ten 
times. These forces were administered in random order. 
The differential threshold lo{as determined above and below 
the standard force values. This was done to insure a true dif-
ferential threshold because the threshold values above and 
below the standard force values were not always identical. In 
instances where the threshold values did vary, the two values 
were added and an average taken. 
32 
If the subject was unable to judge the heavier of the two 
forces at least seven out of ten times, it was felt that the 
differential threshold was too low. The force differential 
would then be gradually increased, in relation to the standard 
force value, until the subject could correctly identify the 
heavier of the two forces at least seventy per cent of the time. 
This was then considered the true differential threshold. 
The differential threshold was considered too high if the 
subject correctly identified the heavier force ten times out of 
ten. The force differential would then be gradually decreased, 
in relation to the standard force value, until the subject could 
identify the heavier force, in random order, at least seven 
tim~s out of· ten, but less than ten times out of ten. 
After each pair of forces were administered, the subject 
was asked which of the two forces felt heavier. If the pointer 
prevented him from verbalizing his reply, he would indicate his 
answer by using the first two fingers of either hand. The re-
plies were recorded immediately after the subject identified the 
heavier force, under the force values used as the differential 
threshold for that particular standard force. 
All subjects were tested as closely as ·possible by the 
described procedure. There was no significance attached to what 
' 
I 
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~is of the tooth was to be tested first. The axis to be 
tested first was chosen at random. 
The measurements obtained were recorded on semi-logarith-
mic and logarithmic graph paper. The differential thresholds 
established were plotted along the abscissa (y- axis), and the 
standard force values were plotted along the ordinate (x - axis). 
Graphs were plotted for the results of both the 90° to the long 
axis and the long axis readings. 
CHAPTER IV 
FINDINGS 
The standard force values used in this study were the 
same as those used by Nakfoor (1967). He concluded that the 
apparent optimal range of the Psychophysical Law began at 
about 50 grams, while the upper limit probably exceeded 500 
grams but did not approach 1,000 grams. The extreme standard 
force values employed would therefore give one measurement 
below and one measurement above the optimal range. 
All data were recorded in terms of actual differential 
force values and per cent of the standard force values used 
(Appendixes I through IV). The Weber ratios were changed to 
per cent v~lues to facilitate statistical analysis of the 
data by means of the independent form of the Student 11 t" Test. 
Table I is a modified form of a table taken from Nakfoor 
(1967). It shows a comparison of the Weber ratios for the 
standard force values at the first three measurement periods. 
The first measurements were recorded before any definitive 
treatment was undertaken. The second measurement involved 
only those subjects.that required removal of their maxilla~y 
premolar teeth. The data for this measurement period was re-
corded two to four days after removal of the maxillary premolar 
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TABLE 1 * 
MEAN WEBER RATIOS DETERMINED FOR EXTRACTION, NON-EXTRACTION AND COMBINATION 
GROUPS AT FIRST, SECOND AND THIRD MEASUREMENT PERIODS 
Non-Extraction 
19 Subjects 
Grams 10 
50 
100 
200 
500 
1,000 
·Extraction 
I 31 Subjects 
Grams 10 
First 
90° L.A.-,'(* 
.455;.17g~c* .475±.173 
.130-.031 .12g±.o3g 
.133±.o3g .150±.049 
.124±.035 .130±.035 
.111±.030 
.1gg!.040 
.ogg±.o2g 
.162±.041 
.452±.167 .532±.178 
50 
100 
200 
500 
.137:!".035 
.• 137±.031 
.140!.033 
.142±.036 
1,000 
iCombined 
·50 Subjects 
•Grams 10 
50 
100 
200 
500 
1,000 
.128±.038 
.101±.033 
.1931".038 
.453±.168 
.133±.032 
.135±.037 
.126!'.031 
.lo5±.o32 
.195±.035 
.121±.026 
.113±.033 
.188!.044 
.467±.053 
.132±.036 
.147±.041 + . 
.124-.030 
.108±.031 
.179±.043 
Second Third 
goo L.A. goo L.A. 
.5o5±.o43 .565±.o8t 
.2g9±.043 .264±.05 
.400!.086 .395:!".05~ 
.343i".061 .3221".06 
.455±.136 .485±.173 .556±.107 • 565± .og 
.1452' .o2g .1382".033 .3101'.033 .2g1±.o6 
.140±.030 .• 14g±.o37 .413±.064 .3g2±.o6 
.131±.028 .132±.028 .333±.o6g .334±.og 
.113±.o2g .116±.o2g 
.180!.012 .180!.032 
.455±.136 .485Z.173 .536±.116 • 54g::t .10 
.145± .o2g .138±.033 .304±.061 .311±.05 
.140±.030 .149±.037 .406±.076 .4001".07 
.131±.028 .132!'.028 .336±.066 .3281'.08 
.113!'.029 .116±.o2g 
.118±.012 ~180±.032 
"'c Modified From Nakfoor, P. R. "An Evaluation of the Psychophysical Phenomenon on 
Sensory Stimuli to the Periodontal Ligament." M. s. Thesis, Loyola University, 
. Chicago, lg67. 
'-;'d: Lon~ Axis w 
0 ·k·k';~ He an ± One Standard Deviation V1 
·-· -·--- ··-- ------ - - -- -- - --- - ------- --· ~ ·- --- -·-· -·--. 
on the same side that the subject was previously tested. The 
third measurements were recorded four days after insertion of 
the orthodontic appliances. It should be noted that at this 
measurement period mean Weber ratios were not reported for 
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forces above 200 grams, for a majority of subjects experienced 
pain above this value. 
The calculated Weber ratios for the fourth and fifth mea-
surement periods are presented in Table 2. The fourth measure-
ments were made approximately six months after activation of 
the orthodontic appliances and the fifth measurements were made 
,at approximately one year of treatment. All fifty subjects 
were examined at both these measurement periods and the resul-
ting mean Weber ratios are presented for all groups. 
In comparing the two measurement periods, the Weber 
ratios, in general, are smaller at the fifth reading, and 
•closer numerically between the 50 gram and 1,000 gram values 
at the fifth reading than at the fourth. 
It is interesting to note that the Weber ratios at each 
standard force value are all smaller for the long axis than 
the 90° readings with but three exceptions; in the non-extractio 
group of the fourth measurement period, the Weber ratio at 100 
0 . grams and 90 was .211 and for the long axis .216; in the non-
extraction group of the fifth measurement period, the Weber 
ratio at 50 grams and 90° was .142 and for the long axis .147; 
TABLE 2 
MEAN WEBER RATIOS DETERMlNED FOR EXTRACTION, NON-EXTRACTION, AND 
COMBINATION GROUPS AT FOURTH AND FIFTH MEASUREMENT PERIODS 
90° 
Fourth 
L.A. 
** 
Non-Extraction 
·19 Subjects 
Grams 10 • 57 3 :t • 12 9 ,~ .485 ! .090 
50 
100 
200 
500 
1,000 
Extraction 
31 Subjects 
Grams 10· 
Combined 
50 
100 
200 
500 
1,000 
50 Subjects 
Grams 10 
50 
100 
200 
500 
1,000 
.213 t .044 
.211 t .057 
• 132 :!: .033 
.143 :t .054 
.090 t .039 
.560 ! .115 
.213 :!: .038 
.230 ! .072 
.133 ± .039 
.132 t .041 
.101 ± .049 
.565 ± .119 
.213 ± .037 
.223 t .071 
.133 :t .036 
.136 ± .046 
.097 :t .044 
'* Mean ± One Standard Deviation 
·lc.,·~ Long P..xis 
.212 ± .033 
.216 t .080 
.128 ::!' • 036 
.• 128 t .052 
.088 ± .030 
.523 ! .141 
.192 :t .044 
.199 ::!' .049 
.119 ± .036 
.123 :t .041 
.093 ± .059 
.509 ± .124 
.199 :t .042 
.206 ± .063 
.122 ± .035 
.124 :!; .038 
.091 ± .051 
90° 
Fifth 
.415 ± .159 
.142 :t .044 
.137 t .117 
.079 :!' .048 
.113 t .033 
.076 ± .019 
.363 ! .113 
.138 ::!' .038 
.127 ! .028 
.085 t .021 
.108 ± .037 
.073 ± .024 
.• 382 ± .133 
.139 ± .040 
.131 ± .032 
.083 ::!' .058 
.110 ± .039 
.074 ± .023 
L.A. 
.371 ! .13 
.147 :1: .041' 
.121 t .03 . 
.072 :!' .01 
.108 :t .02 . 
+ 
.076 - .02 
.361 ! .10 
.126 ! .03 
.123 :!: .02 
.079 :!." .01 
.103 ± .02 
.069 ± .02 
.365 t .11 
.134 ! .03 
.122 :t .03 
. + 
.077 - .01 
.105 ! .021 
.072 ± .02 
w 
.,.... 
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the ratios were equal at 1,000 grams of the same group. 
The statistical comparisons between the various standard 
force values at the fourth and fifth measurement periods are 
presented in Tables 3 and 4 respectively. The comparisons of 
the fourth reading show that there is no significant difference 
between the 50 and 100 gram range and between the 200 and 500 
gram range. All other 11 t" values for this period show a high 
degree of significance, particularly the comparisons made with 
the 10 gram force stimulus where 11 t 11 values ranged from 16.00 
to 24.63 for the 90° axis and from 14.76 to 18.54 for the long 
.axis. The comparisons involving the 1,000 gram force stimulus 
at the 90° axis had 11 t" values that ranged from 4.10 to 13.81 
and from 3.48 to 11.37 for the long axis. 
The 11 t" values presented for the fifth reading comparisons 
are, in general, lower than those of the fourth reading. The 
,statistical comparison between the various force stimuli at 
this period showed that there was little or no significan~ 
difference between the 50 and 100 gram range and between the 
200 and 1,000 gram range. However, the comparison between the 
50 gram and 100 gram force for the long axis demonstrated a 
significant difference (. 05 > P >. 01). The smaller 11 t 11 values 
for this period are p·articularly evident in the comparisons 
0 involving the 10 gram force stimulus where the 90 values 
ranged from 12.19 to 15.95 and 13.17 to 17.26 for the long mds. 
10 
10 
10 
10 
10 
50 
TABLE 3 
STATISTICAL COMPARISON BETWEEN VARIOUS FORCE 
APPLICATION FOR FOURTH MEASUREMENTS 
90° 
11 t" Values 
grams vs. 50 grams 16.00 *** 
grams vs. 100 grams 16.29 **"k 
grarns vs. 200 grams 22.74 **,~ 
grams vs. 500 grams 22.58 ,~*')~ 
grams vs. 1,000 grams 24.63 *** 
grams vs. 100 grams .91 
50 grams vs. 200 grams 10.96 *'~~* 
50 grams vs. 500 grams 9.06 *"~* 
50 grams vs. 1,000 grams 13.81 **,': 
100 grams vs. 200 grams 8.18 **,': 
100 grams vs. 500 grams 7.25 
100 grams vs. 1,000 grams 10.50 *** 
200 grams vs. 500 gra..'lls .35 
200 grams vs. 1,000 grams 4.29 *** 
500 grams vs. 1,000 grams 4.10 *m"c 
* .05>P>.01 
*,~ 
.01 > p > .001 
*** p < • 001 
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Long Axis 
11 t 11 Values 
14.76 **,'c 
13.77 *** 
18.43 *"J'c* 
18.33 *** 
18.54 **')'c 
.64 
9.87 "'c·k+: 
9.26 **"~ 
11.37 *** 
7.64 **"i': 
7.45 1c** 
9.58 ,b':* 
.27 
3.48 •k** 
3.58 *** 
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TABLE 4 
STATISTICAL COMPA-~ISON BETWEEN VARIOUS FORCE 
APPLICATIONS FOR FIFTH MEASUREMENTS 
90° Long Axis 
11 t 11 Values 11 t" Values 
10 grams vs. 50 grams 12.19 *** 13.17 *** 
10 grams vs. 100 grams 12.82 *** 14.05 *";~* 
10 grams vs. 200 grams 14.43 *** 16.99 *** 
10 grams vs. 500 grams 13.82 *** 1S.14 **"i'r 
10 grams vs.1,000 grams 15.95 *** 17.26 **,~ 
:so grams vs • 100 grams 1.19 1.75 ";~ 
. 50 grams vs. 200 grams 5.73 *** 9.51 *** 
50 grams vs. 500 grams 3.95 *** 4.42 "~"** 
50 grams vs.1,000 grams 10.13 *** 10.23 *** 
100 grams vs. 200 grams 5.17 *** 8.82 *** 
,100 grams vs. 500 grams 3.14 *** 2.94 *** 
100 grams vs.1,000 grams 10.36 *** 9.6_3 **," 
i2oo grams vs. 500 _grams 2.86 *** 5.94 *** 
200 grams vs.1,000 grams .96 1.25 
500 grams vs.1,000 grams 6.13 *** 6.87 *** 
* .05 > p > .01 
** .01 > p ) .001 
*** p < .001 
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lhe comparisons involving the 1,000 gram force gave. "t" values 
t'anging from .96 to 10.36 for the 90° axis and from 1.25 to 
10.23 for the long axis. The "t" comparisons between the 50, 
100, 200, and 500 gram forces ranged from 1.19 to 5.73 for the 
90° axis and from 1.75 to 9.51 for the long axis, in general 
lower than the comparisons involving the 10 or 1,000 gram forces 
The Student 11 t 11 Test was also employed to determine if 
there was any significant difference between the extraction and 
non~extraction groups for both the fourth and fifth measurement 
periods. The results of these comparisons are presented in 
.Tables 5 and 6. The 11 t" values in Table 5 indicate that there 
was no significant difference between the two groups at the 
fourth measurement period. The fifth measurement period (Table 
6) also showed that there was no difference between the two 
groups except in two areas. There was a statistically signifi-
cant difference for the 1,000 gram measurement at 90° to the 
long axis (.05>P >.01), and for the 50 gram measurement along 
the long axis (.05 >P >.01). 
The results of the statistical comparison between the 
third measurements (four days after appliance insertion) and 
the fourth measurement (approximately six months of treatment) 
are presented in Table 7. 11 t 11 values for 500 grams and 1,000 
grams were not possible because none were reported for the third 
measurement period. Nearly all of the values of the mean Weber 
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TABLE 5 
STATISTICAL EVALUATION OF EXTRACTION VERSUS 
NON-EXTRACTION CASES AT FOURTH MEASUREMENT 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .os>p >.o1 
** .01 > p > .001 
*** p < .001 
90° Long Axis 
II t" Values 11 t 11 Values 
.32 .10 
0 .64 
1.06 .81 
.09 .82 
.73 .36 
~85 .38 
TABLE 6 
STATISTICAL EVALUATION OF EXTRACTION VERSUS 
NON-EXTRACTION CASES AT FIFTH MEASUREMENT 
(APPROXIMATELY ONE YEAR OF TREATMENT) 
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90° Long.AXis 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .05>P >.01 
** . 01 > p > • 001 
*** p < .001 
"t" Values 11 t" Values 
1.12 .25 
.33 1.90 * 
.03 .16 
.48 1.35 
• 51 .59 
1.89 * 1.15 
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TABLE 7 
STATISTICAL EVALUATION OF NAKFOOR•S THIRD MEASUREMENTS 
(FOUR DAYS AFTER APPLIANCE INSERTION) VERSUS FOURTH MEASUREMENTS 
(APPROXIMATELY SIX MONTHS AFTER APPLIANCE INSERTION) 
I 
Combined 
Group 
:Non-
·~traction 
·Group 
Extraction 
~Group 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .05>P>.01 
** .0.1 > p > .001 
*** p < .001 
90° 
11 t 11 Values 
1.16 . 
8.27 *** 
12.20 *** 
18.45 *** 
1.94 * 
6.14 *** 
7.88 *** 
13.19 *** 
.14 
10.67 *** 
10.76 *** 
14.29 *** 
Long Axis 
11 t 11 Values 
1.60 
10.98 *** 
13.00 *** 
17.17 *** 
2.50 ** 
3.47 *** 
8.13 *i'* 
11.41 *** 
1.27 
7.07 *"'* 
12.87 *** 
11.94 *** 
ratios for the fourth measurement are less than those of the 
third measurement. All of the. 11 t 11 values, with the exception 
of four, showed that there was a statistical significance be-
tween the two measurements. The four exceptions were all 10 
'gram comparisons with the extraction and the combined groups~ 
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Significant 11 t 11 values ranged from 1.94 to 18.45. Comparisons 
_of the 50, 100, and 200 gram forces all showed a high level of 
; 
significance. 
Table 8 presents the 11 t 11 values which were the result of 
:comparisons between the first measurement (prior to treatment), 
I 
:and the fourth measurement. Of the thirty-six "t" Test com-
parisons made between these measurement periods, twenty-five 
were shown to be statistically significant. No significance 
was found in comparisons made for the 200 gram force value for 
the·90° axis or along the long axis. Significant 11 t 11 values 
for the combined group ranged from 3.56 to 16.00 for the 90° 
axis and from 2.28 to 9.16 for the long axis. At the 1,000 
gram level, the 11 t~~" values were 11.80 for the 90° axis, .and 
9.16 for the long axis. The high "t" values for the 1,000 gram 
level (P <.001) are due to the difference in Weber ratios for 
the two measurements, the fourth measurement ratios being signi-
ficantly lower than those of the first measurement. 
The findings of the fifth measurement (approximately one 
year in treatment) were then analyzed against the findings of 
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TABLE 8 
STATISTICAL EVALUATION OF NAKFOOR'S FIRST MEASUREMENTS 
(PRIOR TO TREATMENT) VERSUS FOURTH MEASUREMENT 
(APPROXIMATELY SIX MONTHS AFTER APPLIANCE INSERTION) 
Force 
10 
50 
Combined 100 
Group 200 
500 
1,000 
10 
,Non- 50 
:Extraction 100 
Group 200 
500 
1,000 
1: 10 50 
Extraction 100 
Gro~p 200 
500 
1,000 
i !* .05>P>.Ol 
'** .01 > p > .001 
'*** p < .001 
Values 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
grams 
90° Long Axis 
11 t 11 Values "t11 Values 
3.56 *** 1.90 
16.00 *** 8.25 *** 
8.00 *** 5.36 *** 
1.04 .46 
3.78 *** 2.28 * 
11.80 *** 9.16 *"''* 
2.23 * .21 
6.91 *** 6.81 *"''* 
4.87 *** 3.00 "'~** 
.72 .16 
2.28 *** 2.07 * 
8.38 *** 6.16 **"~" 
2.84 *** .20 
9.89 *** .52 
7.64 *** 5.18 *m'r 
.51 .25 
3.19 *** 1.05 
6.57 *"~"* 6.78 *"~"* 
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the fourth, third, and first measurement periods. .Table 9 
presents the 11 t 11 values which were the result of statistical 
evaluation of the fourth and fifth measurements. The "t" 
values ranged from 3~09 to 9.58 for the 90° axis and from 2.38 
to 8.51 for the long axis. All the values of the Weber ratios 
at the fifth measurement are less than those of the fourth mea-
,surement and statistically there is a significant difference 
! 
between the two measurement periods. All results for this par-
ticular evaluation were highly significant (P < .001) except for 
one 11 t 11 value; the value at the 1,000 gram force level for the 
t 
i 
'long axis was 2.38 (.01 > P >.001)o 
The results of statistical evaluation between the third 
and fifth measurement periods are presented in Table 10. Again, 
11 t11 values could only be determined for the 10, 50, 100 and 200 
gram force levels, for these were the only four force levels 
'utilized at the third measurement periodo The 11 t" values ranged 
.from 9~24 to 23.56 for the 90° axis and from 8.39 to 21.34 for 
the long axis. All these values were very highly significant 
(P < .001). The highest 11 t 11 values reported for the 90° axis 
(23.56)and the long axis (24.51)were both f~ the 100 gram 
force levelo The values for the Weber ratios of the fifth 
measurement are all much lower than the Weber ratios of the 
third measurement which accounts for the high statistical 
significance. 
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TABLE 9 
STATISTICAL EVALUATION OF FOURTH MEASUR~TS. (SlK MONTHS OF TREATMENT) VERSUS FIFTH MEASUREMENTS 
(APPROXIMATELY ONE YEAR OF TREATMENT) 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .os>P>.ot 
** . 01 > p ) • 001 
*** P. < .001 
90° 
tt t" Values 
6.89 *** 
9.58 *** 
8~36 *** 
5.22 *** 
3.09 *** 
3.12 *** 
Long Axis 
11 t 11 Values 
5.48 *** 
8.10 *** 
8.51 *** 
7.89 *"'(')'f: 
2.84 *** 
2.38 *~h': 
' 
TABLE 10 
STATISTICAL EVALUATION OF THIRD MEASUREMENTS (FOUR DAYS 
AFTER APPLIANCE INSERTION) VERSUS FIFTH MEASUREMENT 
(APPROXIMATELY ONE YEAR IN TREATMENT) 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .os>P>.ot 
** . 01 > p >. 001 
*** p <.001 
90° Long Axis 
11 t 11 Values "t" Values 
9.24 *** 8.39 *** 
15.99 *** 17.95 *** 
23.56 *** 24.51 *** 
20.39 *** 21.34 *** 
50 
The "t" values from the statistical evaluation. between 
the first and fifth measurements are presented in Table 11. 
The 11 t 11 values for the 90° axis ranged from • 74 to 20.57 and 
for the long axis they ranged from ~27 to 15.89. There was no 
significant difference between the first and fifth measurements 
at the 500 gram level for either axis and at the 50 gram level 
~ere was no significant difference for the long axis~ At the 
! 
100 gram force value the level of significance is .05 for the 
90° axis. When comparing the mean l-leber ratios of the fifth 
measurement period with the mean values from the other measure-
ment periods, the Weber ratios for the fifth reading are closer 
to the first measurement readings than to any other measurement 
period, with the exception of the 1,000 gram ratios, which were 
closer between the fourth and fifth measurements than between 
the ·fifth and first measurements. 
The Weber ratios were then plotted against the first, 
third, fourth and fifth measurement periods for each standard 
force stimulus employed. These were graphic representations of 
the changes in the Weber Ratio between the measurement periods 
for each particular standard force value. The Weber ratios for 
each standard force stimulus are presented in Figures 3 through 
The plots of the Weber ratios for the 10 gram force are 
presented in Figure 3. The curve begins quite high and appears 
! 
TABLE 11 
STATISTICAL EVALUATION OF FIRST MEASUREMENTS 
(PRIOR TO TREATMENT) VERSUS FIFTH MEASUREMENT (APPROXIMATELY ONE YEAR IN TREATMENT) 
90° Long Axis 
Force Values 
10 grams 
50 grams 
100 grams 
200 grams 
500 grams 
1,000 grams 
* .05>P>.01 
** • 01 > p > • 001 
*** p < .001 
II t" Values 11 t 11 Values 
2.34 ** 5.59 *** 
2.89 *** .27 
1.84 * 3~46 *** 
4.67 *** 2.95 *** 
.74 1~63 
20.57 *** 15.89 *** 
51 
0 
•r-4 
~ 
~ 
J.l (!) 
.0 (!) 
~ 
0 
..-1 
~ 
CiS 
~ 
J.l (!) 
.0 (!) 
~ 
• 60 
• 50 
.40 
.30 
.20 
.10 
.60 
• 50 
.40 
.30 
.20 
.10 
FIGURE 3 
Mean Weber Ratios Plotted Against Measurement 
Periods for the 10 Grrun Force 
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~ery similar for both axes at the first two measurement periods. 
Ihe ratios vary at the fourth measurement in that the ratio for 
the 90° axis continues to rise while the long axis ratio clearly 
falls. Tbe fifth measurement ratios closely approximate each 
other and are lower than those of the first measurement. 
The curves in Figures 4, 5 and 6 resemble each other close-
ly in that the plots for the third measurement are highest in 
l 
each case followed by a more linear return of the Weber ratio 
at the fifth measurement period. This is most evident in Fig-
ure 4. The highest mean Weber ratios recorded at the third 
I ~easurement period were for the 100 gram force while the 200 
! 
gram ratios were just slightly higher than those for the 50 gram 
force. The Weber ratios for the 50 and 100 gram forces at the 
fourth measurement approximate each other closely, while at the 
fifth measurement they are nearly identical to each other and 
the ratios of the first measurement period. 
Complete curves were not possible for the 500 and 1,000 
gram values since these forces were not employed at the third 
measurement period {Figures 7 and 8). The segmented curves for 
.the 500 gram plots appear nearly identical for both axes, and 
the ratios for the first and fifth measurement periods appear to 
be equal. The segmented curves in Figure 8 also appear to be 
equal for both axes, but the plots for the fourth and fifth mea-
surement periods are below those of the first measurement. 
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Mean Weber Ratios Plotted Against Measurement 
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: 
Comparing the 200 gram force ratios with those of the 
500 and 1,000 gram forces, the_ plots for the 200 and.500 gram 
force values are nearly identical at the fourth measurement, 
while the 200 and 1,000 gram values are nearly identical at 
the fifth measurement. The Weber ratios for the 1,000 gram 
force value are lower at the fourth and fifth measurements 
,than those recorded at the first measurement perio9. 
Fechner believed that the magnitude of a sensation is 
proportional to the logarithm of the stimulus intensity. The 
intensity of the stimulus then was to increase in a straight 
I 
I 
iline on a logarithmic scale as the sensation increased. The 
59 
data from this study was applied in an attempt to test the 
:Validity of this, the Psychophysical Law. The data was tested 
I 
by plotting the mean differential thresholds for each force 
used against· the logarithm of the force. The results for force 
'application 90° to the long axis are plotted for each measure-
ment period in Figure 9. The results for forces directed·along 
i 
:the long axis of the teeth are presented in Figure 10. 
It can be seen that some linearity was obtained between 
the 50 gram and 200 gram range and between the 100 gram and 500 
gram range before placement of orthodontic appliances. Evidence 
of some linearity can also be seen between the 50 gram and 200 
gram range at the fourth recording (approximately six months 
of treabnent) and also between the 10 gram and 200 gram range 
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Semi-Logarithmic Graph of Differential Thresholds Plotted Against Forces 
Applied 90° to Long Axis of the Maxillary Central Incisors 
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Semi-Logarithmic Graph of Differential Thresholds Plotted Against Forces 
Along the Long Axis of the Maxillary Central Incisor 
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at the.fifth recording (approximately one year of active treat-
ment). 
Stevens proposed that equal stimulus ratios tend to pro-
duce equal sensation ratios, the sensory scales being a logarith 
mic function of the stimulus scale. The Stevens proposal was 
tested by applying the data from this study. The data was 
'tested by plotting the logarithm of the mean differential thres-i 
hold for each force used against the logarithm of the forces. 
The results for those forces applied 90° to the long axis are 
plotted for each measurement period in Figure 11. The results 
I ' . 
!for ·forces applied along the long axis are plotted in Figure 12. 
The plots of the first and third recording point out a 
greater linearity between the 50 and 500 gram range than seen 
·in the plots of Figures 9 and 10. The fourth recording does 
not show any linearity and the fifth recording does not show 
1the linearity between the 200 and 500 gram range as plotted 
.for the first recording. 
FIGURE 11 
Logarithmic-Logarithmic Graph of Differential Thresholds 
Plotted Against Forces Applied .90° to the Long Axis of 
the Maxillary Central Incisor 
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FIGURE 12 
Logarithmic-Logarithmic Graph of Differential Thresholds 
Plotted Against Forces Applied Along the Long Axis of 
the.Maxillary Central Incisor 
190 
50 
25 
15 
6 
5 
·· · · .. · .. · · · · ·First Recording 
-·----~ Thi1:d Recording 
- -- -- Fourth Recording 
--------Fifth Recording 
. 
. 
. 
. 
. 
6t.l. 
10 50 100 200 500 1000 
Log Force (Grams) 
CHAPTER V 
· DISCUSSION 
The Weber ratios reported in this study are quantitative 
assessments of the individual's ability to consciously discrim-
inate between similar forces applied to the maxillary central 
incisor teeth. These stimuli were conducted through the teeth 
to the sensory receptors located in the periodontal ligament. 
A comparison of the Weber ratios for the five measurement 
,periods reveals that the highest values recorded were for the 
third measurement period, while the fifth readings could be 
~compared grossly to the starting values. 
~ 
' 
~e high readings at the third measurement period indi-
cate that there was a significant loss of proprioceptive dis-
icrimination just four days following the onset of orthodontic 
treatment. There was also a definite lowering of the pain 
threshold at this time, for approximately eighty per cent of 
the subjects experienced pain upon application of standard 
forces above 200 grams. There was no report of pain with any 
of the standard force stimuli at .the first measurement period • 
. Measurements made after approximately one year of ortho-
dontic treatment (fifth measurement period) demonstrated that 
~. 
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this subjective discriminatory capaci~ was returning and, in 
general, could be compared to the discriminatory ability 
possessed before any treatment had taken place. By this time, 
the pain threshold had apparently risen near its original level, 
ifor none of the subjects experienced pain with the application 
of the 500 gram or 1,000 gram forces. 
The initial orthodontic appliances create forces which 
·areapplied to the teeth effecting the periodontal ligament 
and distorting the sensory receptors. This continual stimula-
tion to the periodontal proprioceptive mechanism decreases the 
subjects abili~ to discriminate between similar forces. It 
is most likely that the fifth readings compared favorably with 
the starting values because adaptation of the sensory receptors 
~within ~e periodontal ligament. Even though there was a sus-
tained force on these teeth, straight, long range neural adap-
'tation was to be expected. The continuous stimulus input from 
the maxillary central incisor is altered within the central 
,nervous system as central accommodation, the ability for the 
central nervous system to learn the altered levels of adaptation 
as the orthodontic treatment continued. 
Another consideration is the fact that as treatment time 
continues and the major tooth movements have been accomplished, 
the actual force delivered to the teeth by the arch wire is 
diminished. This allows the distorted sensory recep.tors in the 
periodontal ligament to attain a more normal and thus more 
functional configuration. 
When teeth are moved t~rough trabecular bone to a more 
desirable position, bone resorption occurs on the pressure 
side of the alveolus and bone deposition takes place on the 
67 
tension-side of the alveolus. This biologic process also per-
mits the sensory receptors to return_to a more normal, physio-
logic configuration by re-establishing a normal biologic rela-
tionship between the root of the tooth, the periodontal liga-
ment, and alveolus. 
All of the subjects in this study were tested a minim~~ 
of four times, while the subjects requiring extractions of 
maxillary premolar teeth were tested five times. Because of 
. 
the me~hod employed in determining the differential thresholds 
for the standard force values used, it is estimated that the 
tooth to be tested was stimulated a minimum of 180 times for 
each axis or a minimum of 360 times at each testing period. 
The amount of repetition involved in this study could have 
affected the results by giving the subjects a keener sense 
of awareness as what to expect in the latter measurement 
periods, although the literature does not indicate this to be 
true (Fernberger, 1913). 
Fechner postulated that as a sensation increased, the 
intensity of the stimulus increased in a straight line on a 
68 
logarithmic scale~ The data from this study were plotted on 
semi-logarithmic graph paper in an effort to test the validity 
of this Psychophysical Law (Figures 9 and 10). The plots 
demonstrate that there was some evidence of linearity before 
the placement of orthodontic appliances and a small indication 
of linearity at the fifth reading (approximately one year of 
I treatment). The middle range of intensities most clearly 
i 
:demonstrate a straight line, especially as seen at the ex-
treme ends of the standard force range. 
Stevens, an ardent critic of the Fechner Psychophysical 
Law, believes that the law is best expressed as a power 
function, the sensory scales being a logarithmic function 
of the stimulus scale. The data was plotted on logarithmic-
logarithmic graph paper to test the validity of· the Stevens' 
proposal (Figures 11 and 12). When the two plots (Fechner 
iversus Stevens) are compared, it can readily be seen that for 
the first and third readings, the logarithmic-logarithmic plot 
exhibits better linearity between the 50 and 500 gram force 
range than does the semi-logarithmic plot. The plots for the 
fourth recording do not show any linearity. 
The fifth recording does not demonstrate much linearity, 
but this can be attributed to the recordings at the 200 gram 
force. The mean Weber ratios for the 200 gram force value are 
lower at the fifth reading than they were at the beginning of 
69 
this study. If the Weber ratios for the 200 gram ~orce at 
' the fifth recording were slig~tly higher the first and fifth 
· recordings would closely approximate each other throughout the 
50 to 500 gram force range. 
Nakfoor (1967) concluded that the apparent optimal range 
of the Psychophysical Law began at about 50 grams, while the 
upper limit probably exceeded 500 grams but did not approach 
1,000 grams. The 10 gram force and the 1,000 gram force used 
in his study would therefore give one measurement below and 
one measurement above the optimal range. 
The data from this study indicate that the optimal working 
range as applied to the human periodontal ligament begins at 
: about 50 grams, while the upper limit was found to be near the 
1,000 gram level. The Weber ratios for the 1,000 gram level 
at .the fifth measurement period were .074 for the 90° axis 
and .072 for the long axis, while at the first measurement 
, period they were .195 for the 90° axis and .179 for the long 
I! 
axis. These figures tend to indicate that the subjects could 
discriminate better at the fifth measurement than they could 
prior to treatment at this force value. This seems unlikely 
and the low Weber ratios reported for the fifth measurement 
period may have been due to the experiencing of both low 
levels of pain and proprioception by the subjects. · Proprio-
ception had improved over the values of the third measurement 
. period at the other five standard force values so it can be 
·assumed that it had also improved at the 1,000 gram level. 
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In addition, the subjects had all been undergoing orthodontic 
treatment for approximately one year, perhaps rendering them 
. more stoic towards pain due to orthodontic forces. 
It has been found that to treat a malocclusion by means 
of expansion of the dental arch and the use of intermaxillary 
rubber bands invites failure in many instances. The teeth 
return to their original positions of malo.cclusion after the 
retaining appliances are removed because placing the teeth in 
the correct occlusal relationship to one another does not seem 
to develop normal bony support. In many instances the· removal 
of a selected number of teeth in a dental arch seems to make 
the problem of correction much easier and the results more 
stable. 
Patients requiring the removal of teeth as well as 
patients not requiring the removal of teeth were incorporated 
into this study. No significant difference was found between 
the two groups in their ability to discriminate between forces 
applied at the fourth and fifth measurement periods. The two 
maxillary first premolars were extracted in all the subjects 
requiring the removal of teeth. It can be speculated that 
there was no difference between the two grou.ps because the 
maxillary central incisor is too far removed in the dental arch 
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:from the first premolar extraction site to affect its proprio-
' . 
ception due to surgical trauma. 
The accumulated data show a definite trend indicating 
· that a return to normal discrimination is to be expected upon 
i 
I 
1the completion of orthodontic treatment. It is expected that i 
the Weber ratios for the 1,000 gram force level will return to 
normal following the removal of appliances. The_periodontal 
proprioceptors should return to their normal physiologic con-
· figuration upon final attainment of a normal biologic relation-
lship between the roots of the 
,and the surrounding alveolus. 
I 
teeth, the periodontal ligament 
CHAPTER VI 
SUMMARY AND CONCLUSION 
A clinical method of testing for dental proprioceptive 
discrimination involving the human periodontal ligament was 
idescribed. This method was used to determine the effect of 
! 
! 
prolonged orthodontic treatment upon periodontal proprioceptors. 
!he conscious proprioceptive evaluation of input from the 
lperiodonta~ ligament is significantly modified with the appli-
' r cation of continuous light orthodontic forces, and the subjects 
ability to discriminate between comparable forces slowly re~ 
turns as the forces of orthodontic appliances are diminished. 
Measurements made at approximately one year of treatment pro-
vide values which are roughly comparable to those obtained 
before any treatment was initiated. 
Fifty orthodontic subjects were utilized in this study. 
Nineteen subjects did not need to have teeth removed while 
thirty-one subjects required the removal of at least maxillary 
teeth in order to properly correct their malocclusions. No 
significant difference was found in the two groups in their 
ability to discriminate between the applied forces either at 
approximately six months or one year of orthodontic treatment. 
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Insertion of orthodontic appliances significantly reduces 
the pain threshold to force application. After prolonged 
orthodontic treatment, the pain threshold rises to near its 
original level. 
The overall trend to normal proprioceptive discrimination 
is expected upon the completion of orthodontic treatment. 
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SUBJECT 10 GM. 
NUMBER GM. % 
1 5 50 
2 U.T.D.* 
3 6 60 
4 3 30 
5 6 60 
6 6 60 
7 6 60 
8 6 60 
9 . U. T. D.* 
10 U.T.D.* 
11 6 60 
12 6 60 
13 6 60 
14 U.T.D.* 
15 6 60 
16 6 60 
17 4 40 
18 6 60 
19 4 40 
20 6 60 
21 U.T.D.* 
22 4 40 
23 5 50 
24 6 60 
25 5 50 
J 7 . 
APPENDIX I 
FOURTH MEASUREMENT (SIX MONTHS OF TREATMENT) 
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APPENDIX II 
FOURTH MEASUREMENT (SIX MONTHS OF TREATMENT) 
ALONG THE LONG AXIS EXPRESSED IN ACTUAL 
VALUES AND PER CENT OF ACTUAL VALUES 
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APPENDIX II (CONTINUED) 
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APPENDIX III 
FIFTH MEASUREMENT (ONE YEAR OF TREATMENT) 
90° TO THE LONG AXIS EXPRESSED IN ACTUAL 
VALUES AND PER CENT OF ACTUAL VALUES 
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APPENDIX IV 
FIFTH MEASUREMENT (ONE YEAR OF TREATMENT) 
ALONG THE LONG AXIS EXPRESSED IN ACTUAL 
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